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helper plasmid is dependent upon the plant to be transformed, since the host range of Ti plasmids varies significantly (2, 3) . The pea ribulose-1,5-bisphosphate carboxylase small subunit gene (10, 19) , wheat Chl a/b binding protein gene (23) , zein gene (26) , and bean storage protein gene (29) have been introduced and expressed in plants by Ti plasmid vector systems.
A major form of gene regulation occurs at the transcription initiation level (8) . The regulatory sequences controlling transcription initiation are located upstream of most structural genes (8) . The organization of such control regions can be elucidated by creating a number of in vitro mutations within the promoter region and testing the effect ofthe mutations on gene expression. To facilitate the analysis of plant promoters, I have developed binary promoter cloning vectors containing the chloramphenicol acetyltransferase (cat) coding region followed by a plant terminator. I have used these vectors to analyze the expression of the cat gene from one plant and three animal promoters.
Several plant vector systems have been developed based on the Ti2 plasmid ofAgrobacterium tumefaciens. A DNA fragment inserted in a specific segment (called T-DNA) of the Ti plasmid can be transferred to a plant chromosome (I 1) by co-cultivating A. tumefaciens and actively dividing plant cells (25) . It is difficult, however, to insert an exogeneous DNA directly into the T-DNA by recombinant DNA methods since the Ti plasmids are large (-200 kbp). Therefore intermediate vector systems were constructed (5) . In these systems, an exogeneous DNA is first cloned in Escherichia coli using an intermediate vector that contains a small-segment of T-DNA. The whole plasmid is then integrated into the T-DNA of a Ti plasmid by homologous recombination in A. tumefaciens. To simplify the cloning procedures, binary vector systems were developed (2, 6) . The binary vectors contain only cis-acting elements required for plant transformation, including the T-DNA borders (31) , a selectable marker expressible in plants (kanamycin resistance) (7, 14, 20) , cloning sites, and a wide host range replicon. Other 2Abbreviations: Ti, tumor-inducing; T-DNA, transfer-DNA; LS, Linsmaier-Skoog; NPT, neomycin phosphotransferase; CAT, chloramphenicol acetyltransferase; bp, base pair.
MATERIALS AND METHODS
Bacterial Strains. The Escherichia coli host strains used in this study were K802 (hsr-, hsm+, lac, gat, mer) and MC1000 (ara-, leu-, lac, gat, strr). E. coli strains were grown at 37°C in LB medium with appropriate antibiotics. The Agrobacterium tumefaciens strain used for maintenance ofplasmids and tobacco cell transformation was A 136 that was derived from Agrobacterium strain C58 by curing the nopaline-type Ti plasmid pTiC58 (32) . The Agrobacterium strain was grown at 28C in MGL medium (2.5 mg/ml yeast extract, 5 mg/ml tryptone, 5 mg/ml NaCl, 5 mg/ml mannitol, 1.16 mg/ml monosodium glutamate, 0.25 mg/ml KH2PO4, 0.1 mg/ml MgSO4.7H20, 1 Ag/ml biotin [pH 7.0]). Molecular Cloning. Plasmids were isolated from E. coli and analyzed as described previously (24) . Plasmid treatments with restriction endonucleases, DNA polymerase large fragment, and DNA ligase were performed as suggested by the manufacturers (Bethesda Research Laboratories, New England Biolabs, and Pharmacia P-L Biochemicals). Unphosphorylated octanucleotide (CAGATCTG) and decanucleotide (CCGGATCCGG) were purchased from New England Biolabs and used without phosphorylation.
Oligodeoxynucleotide Synthesis. Both strands of the oligonucleotide containing multiple cloning sites were chemically synthesized by a silica based solid-phase method combined with proton activated nucleoside phosphoramidites using an Applied Biosystems 380A DNA synthesizer. (27) .
Transformation of Tobacco Cells. Constructed plasmids were transferred into A. tumefaciens by the triparental mating method (2) . Agrobacterium cells containing a vector and a helper Ti plasmid were mixed with rapidly growing tobacco cultured cells grown in liquid LS medium (2) . After incubation of the cell mixture for 2 d at 28°C, the bacterial cells were washed off and the plant cells were plated on a LS agar medium containing 200 sg/ml kanamycin, 500 gg/ml carbenicillin, and 250 ,ug/ml cefotaxime. The details of the transformation procedure were described previously (1 
RESULTS

Construction of Promoter Cloning
Vectors. The binary shuttle vector pGA472 has been described previously (2) . This vector contains a plant kanamycin resistance marker constructed from the nopaline synthase (nos) control regions and neomycin phosphotransferase (npt) coding region of TnS, the ColEI origin of replication (ori), and the bacteriophage lambda cos site, all bounded by the T-DNA borders of the nopaline Ti plasmid pTiT37. To increase the cloning capability and reduce the size of the plasmid, the 2040 bp HindIII-BglII fragment of pGA472 was deleted and replaced by a synthetic oligonucleotide containing seven unique restriction sites to form pGA482 (Fig. 1 HpaI; K, KpnI; N, NaeI; P, PstI; R, EcoRI; S, SstII; Sa, Sall; Sc, ScaI; Sm, SmaI; St, SstI; X, XbaI; npt, neomycin phosphotransferase gene from Tn5; tet, tetracycline resistance gene from pRK2; bla, j3-lactamase gene from Tn3; cat, chloramphenicol acetyltransferase gene from Tn9; 6b', a portion containing the terminator sequence of the T-DNA transcript 6b of the octopine Ti-plasmid A6; 6a', a portion containing the terminator sequence of the T-DNA transcript 6a of the octopine Tiplasmid A6; cos, the X phage cos site; Sp, splicing signal of the SV40; An, polyadenylation signal of the SV40; BR, T-DNA right border; BL, T-DNA left border; PolI, DNA polymerase large fragment; (0), ColEI origin of replication; (*), the junction between the BamHI site and SmaI site in pGA434. Neither sites exists in the plasmid; l, the junction between the EcoRI and NaeI sites, both sites were destroyed. unique HindlIl site at the 5'-end of the cat structural gene and the 800 bp SV40 fragment carrying a splice sequence and a terminator sequence at the 3'-end of the gene. The HindIIl site was changed to a BglII site by ligating a synthetic octamer containing a BglII site to the filled-in HindIII site. The 800 bp SV40 sequence was removed to create pGA425 as described in Figure 1 . A plant terminator was placed downstream of the cat coding region in order to increase the efficiency of the gene expression in plants as described below (7, 14, 20) . The 1138 bp SmaI-PstI fragment carrying the dual terminator of the transcripts 6a and 6b of the octopine T-DNA (4) was inserted at the 3' end of the cat coding region, replacing the small BamHI-Pstl fragment of pGA425. From the resulting plasmid, pGA434, the BglII-NaeI fragment carrying the cat gene and the dual terminators was isolated and used to replace the small BglII-EcoRI fragment of pGA482 containing the pBR322 sequences and the cos site. This promoter expression vehicle was designated pGA492.
There is a 37 bp sequence between the multiple cloning sites and the ATG initiator codon of the cat gene in pGA492. Within this region there is no ATG sequence. Therefore, when a DNA fragment containing a plant promoter sequence is inserted at the multiple cloning site, the CAT protein will be efficiently coded from the mRNA produced from the hybrid gene ifthe introduced fragment contain only the 5' control region. However, when the inserted fragment also carries a portion ofstructural gene together Plant Physiol. Vol. 81, 1986 with its upstream control region, translation initiation will occur at the initiation codon of the introduced gene, and peptide elongation will continue through the cat structural gene if the reading frame ofthe cat gene is the same as that of the upstream inserted gene since there is no in-frame termination codon in the 37 bpjunction sequence. It has been reported that attachment of an extra peptide to the amino terminus of the CAT protein does not abolish its enzymatic activity ( 17) . Therefore it is likely that a hybrid protein produced in plant cells will behave as a functional CAT protein. However, a hybrid CAT protein will not be produced from the fusion gene if the reading frame of cat is different from that of the inserted gene. To accept a gene at a different reading frame, +l(pGA538) and +2(pGA534) readingframe promoter vehicles were constructed by inserting an extra one or two bp sequence into the ClaI site within the multiple cloning site as described in Figure 2 . Due to a termination codon (TAA) within the HpaI site of pGA538, a +1 reading-frame insertion at the HindIII, XbaI, SstI, or HpaI site cannot produce a fusion protein. Therefore, another +1 reading-frame promoter vehicle (pGA512) was constructed by deleting the sequence between the HpaI and ClaI sites (Fig. 2) .
Elucidation of the nos-promoter. I have chosen a nopaline synthase (nos) promoter as a model system in order to test whether the promoter expression vehicles can be used for the detection and analysis of plant promoter regions. This nos promoter has been used frequently to express foreign genes in plant cells (7, 14, 20) . Therefore, the nos promoter should be able to turn on the expression of the cat gene if the promoter vectors were constructed properly.
pGA355 containing the nos promoter sequence has been described previously (2) . One ofthe deletion derivatives ofpGA355 carries only the nos promoter sequence. In this plasmid, pGA355-47, all the nos coding region and 10 bp of the leader sequence was deleted and a BamHI site was introduced at the deletion point. The nos promoter sequence was linked to the cat coding region by inserting the BamHI-PvuII fragment containing the nos promoter in between the BglII and HpaI sites of pGA492 (Fig. 3) . The Figure 1. with the Agrobacterium strains containing either pGA515-47 or pGA492 by the co-cultivation method, and the kanamycin resistant transformants were selected on LS agar medium containing 0.2 ,g/ml of 2.4-D, 500 ,ug/ml carbenicillin, 250 Ag/ml cefotaxime, and 200 ug/ml kanamycin. Fifty independently transformed tobacco calli were pooled and subjected to the enzymic assay. Cells were lysed by sonication and the protein concentration of crude extract was adjusted to 1 mg/ml. Extract (20 Ml) was used for the CAT or NPT assay. As shown in Figure 4A , there is a significant amount of CAT activity (sample 1) driven from the nos promoter whereas no detectable CAT activity (sample 2) was observed with the promoter expression vector (pGA492) alone. All the tissues examined were true transformants since the tissues continue to grow on kanamycin plates and there was a significant amount of NPT activity in the transformants (Table I (28) into the HindlIl site of pGA492 (pGA525 in Fig. 3) . The HindlIl site is located about 60 bp downstream ofthe SV40 early transcript cap site and 7 bp upstream ofthe ATG initiator codon of large T-antigen. The next promoter examined was the thymidine kinase (tk) gene of herpes simplex virus. The plasmid pFG5 (12) containing the entire tk gene was opened at the unique BglII site, which is located between the cap site and the initiator codon of the tk gene, and inserted into the BglII site of pGA492 (pGA527 in Fig. 3) . The third construction, pGA529, was formed from pGA492 and a pBR derivative containing the promoter sequence of a mouse metallothionein gene (9) . The promoter sequence was inserted at the BglII site in pGA492 as described in Figure 3 . In all the constructions, the cat coding region was linked to the animal promoter sequences without any animal structural gene. Therefore, the CAT protein should be efficiently produced if the animal promoter is active in plant cells.
Cultured tobacco cells were transformed with these plasmids via A. tumefaciens as described in "Materials and Methods." Fifty independent transformants from each construct were pooled and assayed for cat expression. As shown in Figure 4B (sample 3-8) there was no CAT activity detectable with any of the animal promoter sequences. I have also individually assayed 20 transformed tissues for each promoter and observed no variable results. In animal cells the metallothionein promoter is inducible by the addition of heavy metals (9) . However, addition of various concentration of ZnCl2 into a plant growth medium did not trigger the metallothionein promoter activity to a significant level (Fig. 4C) . The growth rate ofthe transformed tobacco cells was reduced significantly with 200 ,uM ZnCl2. The unselected cat gene was active in all 40 transformed tobacco tissues, although the degree ofcat gene expression varied 200-fold between samples. Variation was also observed with the NPT activity driven from the nos promoter, although the differences were somewhat less significant than with the CAT activity. Since transformed calli were maintained with kanamycin, any transformants with low NPT activity were likely eliminated during selection of the kanamycin resistant calli. It is surprising to observe that there is no apparent correlation between CAT and NPT activity even though both genes are expressed by identical nos promoters. This differential expression is presumably not due to copy number differences between cat and npt since they are closely linked. Deletion of the transferred genes cannot be occurring in any of the 40 samples since both genes were expressed suggesting that rearrangement of the transferred genes is not occurring frequently. Therefore, such variable promoter activity is presumably due to DNA sequence surrounding the inserted fragment. Such effects could be extremely local so that the effect does not go to the next gene as can be seen in samples 11, 16, 19, 20, 23, 24, 25, 28, and 30 . The effect could influence expression of both genes as seen in samples 3, 6, and 31. Similar results have been reported with a simian virus promoter in cultured human cells (30) . There has been considerable effort in searching for strong plant promoters in order to express a desired gene in plants at high level. Another way ofapproaching this problem might be selection ofthe transformant that strongly expresses an introduced gene. The results also suggest that it will be necessary to examine a large number of transformants in order to obtain a reliable quantification ofthe promoter activity.
